Purpose The aim of this study was to evaluate, in a metaanalysis, the clinical effectiveness of operative treatment for acute Achilles tendon rupture (AATR) compared with nonoperative treatment.
Introduction
The Achilles tendon is the largest and strongest tendon in the human body, but it is also the most frequently ruptured [1, 2] . According to a recent report in Finland [3] , the incidence of acute Achilles tendon ruptures increased from 8.3/10 5 in 1987 to 14.8/10 5 in 1999 and was thought to be increasing. Achilles tendon ruptures occur most frequently in the age groups of 30-39 and 40-49 years old in men and women [4] , with a male predominance [5] . On average, women with a tendon rupture tend to be 2-3 years older than men with ruptures [3, 4] . Many studies report that acute Achilles tendon rupture (AATR) mostly occurs during sports activities [6] [7] [8] [9] [10] , especially in racket games, football and handball [6, 7, 10, 11] . The mechanism of injury includes a sudden pushing off from the weight-bearing forefoot with the knee in extension, unexpected ankle dorsiflexion and violent dorsiflexion of a plantar-flexed foot [12] . As to aetiology, many possible factors have been proposed [14] , such as poor tendon vascularity and tendon degeneration [14, 15] , gastrocnemius-soleus dysfunction [14] , adverse effects of some drugs (e.g. corticosteroids [16, 17] , fluoroquinolones [18, 19] ) and exercise-induced hyperthermia [20, 21] . AATR can be managed by both operative and nonoperative strategies. It is generally accepted that operation should be performed for athletes, young and fit patients and that conservative treatment may be suitable for the elderly [22, 23] . However, controversy remains with regard to optimal treatment for AATR. The main reason for this controversy is that both operative and nonoperative treatments have pros and cons. Previous randomised controlled trials (RCTs) [6, 7, 24] concluded that operative treatment could reduce the risk of re-rupture but might also lead to a high rate of postoperative complications, which affect quality of life. Conversely, conservative treatments are thought to be advantageous in that there is a lower rate of complications, but their disadvantage is a higher incidence of re-rupture. Three meta-analyses confirmed the above hypotheses [25] [26] [27] . However, these meta-analyses were based on a small sample size and insufficient analyses. The need remains for strong evidence based on the latest high-quality RCTs to test the above conclusions.
The aim of our meta-analysis was to determine the advantages and disadvantages of operative versus nonoperative AATR treatment by comparing clinical outcomes reported in all available related RCTs. We believe this meta-analysis will yield stronger evidence for clinical treatment of AATR.
Methods

Study design and search strategy
All published RCTs comparing operative with nonoperative intervention for AATR were searched for by two authors (NJ, AFC) independently. Databases used for searching were Medline, Embase, Clinical, Ovid, BIOSIS and Cochrane registry of controlled clinical trials. The eligible time was from 1980 to 1September 2011. Publication language was limited to English. Key words used for search were as follows: acute Achilles tendon rupture, acute tendocalcaneus rupture, operation, nonoperation, surgery, conservative treatment, randomised controlled trials and randomisation.
Inclusion and exclusion criteria
Only RCTs that compared operative with nonoperative methods for AATR were taken into consideration. We excluded retrospective studies, cohort studies and clinical controlled studies. Studies without effective reporting of primary results and those with inadequate data for meta-analysis were also excluded. Eligibility criteria were adult patients with a definite diagnosis (e.g. a positive Thompson squeeze test [28] , presence of a palpable gap, loss of plantar flexion strength), intervention initiated within 14 days after injury and written informed consent. Exclusion criteria were re-ruptures, open injury, combination with fractures of foot or ankle, additional ipsilateral injury, neurological or vascular damage requiring medications recognised to affect tendon healing, physical 
Methodological assessment
The study methodological assessment was conducted using the modified Jadad scale [29] . This is an eightitem scale designed to assess randomisation, blinding, withdrawals and dropouts, inclusion and exclusion criteria, adverse effects and statistical analysis ( Table 1 ). The score for each article could range from 0 (lowest quality) to 8 (highest quality). Scores of 4-8 denote good to excellent quality and 0-3 poor to low quality. Critical appraisal was conducted by one viewer (FD) and was verified by another (AFC). Outcomes for meta-analysis
Primary outcomes consisted of incidences of re-rupture and complications other than re-rupture. Secondary outcomes included the number of patients who recovered to pre-injury sports, mean time for sick leave (period from injury to return to pre-injury work or sports), results for subgroup metaanalyses (scar adhesion, superficial infection et al.).
Statistical analysis
The primary analysis was to compare outcomes between operative and nonoperative management of AATR from all RCTs included. Next, a secondary sensitivity analysis, which compared outcomes from high Jadad score RCTs (≥4 points) only, with those from all RCTs analysed was designed to ensure low Jadad score RCTs (<4 points) did not bias the primary analysis. Statistical heterogeneity was evaluated using I 2 statistics, complying with Quality of Reporting of Meta-Analyses (QUOROM) guidelines [30] , which describe the percentage of total variation across studies that is due to heterogeneity rather than chance. I 2 can be readily calculated from basic results obtained from a typical metaanalysis as, I
2 0100%×(Q-df)/Q, where Q is Cochrane's heterogeneity statistic and df is the degrees of freedom [31] . Substantial heterogeneity exists when I 2 >50%. For outcomes when P>0.05, a fixed-effects model was used; a random-effects model was adopted for P≤0.05. Dichotomous data are presented as relative risk (RR) and continuous variables as mean difference (MD), both with 95% confidence intervals (CI). To determine whether significant differences would exist in specific complications between the two interventions investigated, subgroup analyses were carried out by sorting the same specific complications reported in enrolled RCTs. The meta-analysis was performed by RevMan 5.1 software (Cochrane Collaboration, Oxford, UK) for outcome measures. A P value of ≤0.05 was considered statistically significant.
Results
Identification of relevant literature
The literature-retrieving strategy and results are shown in Fig. 1 . Ten published RCTs [6-8, 10, 24, 32-36 ] with a total of 894 patients met all inclusion criteria. Information on general characteristics of studies and participants are listed in Table 2 .
Methodological quality assessment
Total RCT scores are shown in Table 2 , indicating that most studies achieved high quality by the current rating system. Eight designs scored ≥4, but the main problem reflected in nearly all studies was the nonuse of blinding method, which might bring about a certain degree of detection bias. The two studies [6, 32] that scored <4 had inappropriate randomisation, and there was no detailed information on withdrawals and dropouts in one report [32] Subgroup meta-analyses were further performed because high heterogeneity (I 2 078%) existed among studies that were available for the comparison of complications. The operative group showed a significantly higher complication rate than the nonoperative group in terms of scar adhesion [RR11.76, 95% CI (4.64-29.80), P<0.00001, Fig. 6 
Functional assessment
No meta-analysis on functional recovery was carried out because different assessment systems had been used in the studies and few effective data could be extracted and pooled. Outcomes and conclusions concerning functional recovery varied. Nistor et al. [6] reported that more operatively treated patients had difficulty wearing shoes and felt stiffness in the ankle. This is in disagreement with Cetti et al. [7] , who stated that 1 year after injury, operatively treated patients had a significantly reduced severity of calf atrophy, better ankle movement and fewer complaints. Outcomes of visual analogue score recorded by Moller et al. [24] showed that the operative group had higher mean scores than the nonoperative group at 2-year follow-up. Nilsson-Helander et al. [34] found that operatively treated patients had better results in some muscle-function tests at the 6-month evaluation and in heel-rise work at 12-month evaluation. However, Moller et al. [24] indicated that operative and nonoperative treatments produced equally good results if complications were avoided. Outcomes from Keating et al. [10] revealed no convincing benefits from surgery, which was consistent with findings by Willits et al. [35] . Therefore, no consensus was reached in functional recovery based on the current studies. 
Sensitivity analysis
Sensitivity analysis was performed by excluding lowquality studies (Jadad score <4). RRs, 95% CIs and P values for incidences of rerupture and complications, scar adhesion, sensibility disturbance and deep infection were still similar to results before exclusion of low-quality studies (Table 4 ). This indicates that low-score RCTs had no bias on results of our meta-analyses.
Discussion
Results of our meta-analyses that included a greater number of latest RCTs available once again confirmed that in AATR treatment, operation can effectively reduce the risk of rerupture but is unlikely to avoid a high complication rate. This is in accordance with the conclusion proposed by Khan et al. [25, 26] Our meta-analyses, however, offered new findings. Our subgroup analyses found scar adhesion, superficial infection and sensibility disturbance are significantly associated with open repair surgery. Secondly, surgically treated patients may have shorter mean sick leave time than those treated nonoperatively. In other words, operation can lead to a faster recovery in time, though disagreements exist in specific functional outcomes.
Some basic epidemiological information can be derived from Table 2 . First, it is noticeable that men accounted for 81.52% of all AATR patients. Male dominance (4.41:1) may indicate that those who participate in activities with higher violence are mostly men. Second, most AATR patients were in their 30s-40s. This suggests that the middle-aged population should be given more advice on violent activities because their Achilles tendons are no longer as strong as they were in adolescence. Third, the left side is more prone to AATR than the right side (359 vs. 286) (according to seven RCTs). This interesting fact may be due to habitual foot usage in human beings.
Besides our present meta-analysis, most current relevant researches indicates that nonoperatively treated AATR patients tend to have a higher re-rupture rate. This statistically significant difference can be explained by two factors: First, after healing without surgical suture, the onceruptured Achilles tendons do not bear the intensity of preinjury activities well. The usual immobilisation period of 6-8 weeks in nonoperative treatment seems insufficient to allow tendon recovery. Twaddle et al. [36] , however, had an opposite finding: that re-rupture rate was lower in the nonoperative group. They explained that this might be a consequence of early functional rehabilitation. This disagreement may imply an important role of different therapy strategies, such as early functional rehabilitation, in nonoperative treatment. Whether or not different therapy strategies can make a difference needs further clinical trials.
We confirmed a higher complication rate in operated AATR patients than in those undergoing conservative treatment (26.60% vs 7.19%). On the other hand, we found a relatively high heterogeneity (I 2 078%) among the RCTs included. A random-effects model and subgroup analyses were therefore designed to reduce potential biases because we believe the complication rate could not be regarded as one entity. There were different complications, which might Fig. 7 Incidence of superficial infection after operative and nonoperative treatments Fig. 8 Incidence of sensibility disturbance after operative and nonoperative treatments cause differences. As a result, subgroup analyses revealed significant differences between the two treatment types in regard to scar adhesion, superficial infection and sensibility disturbance, but not in deep infection, DVT or extreme tendon lengthening. It is interesting that one RCT in this study [6] reported that patients undergoing conservative treatment had more deep infections than operatively treated patients (2 vs 0). As this RCT study had more than a half weight (51.8%) in the deep infection subgroup analysis, another meta-analysis seemed necessary. However, this RCT was just excluded because of its low Jadad score regarding sensitivity analysis for bias, the result of which indicated that there was still no statistically significant difference in the incidence of deep infection [RR4.02, 95% CI (0.87-18.67), P00.08].
In disagreement with our second finding, two studies [8, 24] suggested that the nonoperative group did not have longer sick leave. We did not include these two studies because they failed to present the results in means and SDs for meta-analysis. In addition, the studies reported different findings in the time of sick leave. One [6] indicated that the nonoperative group had obviously shorter sick leave, whereas the other [7] indicated there was no significant difference in this respect. Therefore, more RCTs are needed to certify this conclusion.
We believe that the conclusions reached in this metaanalysis comparing operative and nonoperative AATR treatment may be changed if conventional therapies are improved. For example, we found an association between open repair surgery and wound problems. This association, however, is likely to be changed by improved techniques for open surgery. Recently, percutaneous repair techniques have been adopted as new operative procedures that attempt to reduce complications caused by open surgery and has exhibited good efficacy. An up-to-date systematic review performed by Khan et al. [25] , along with several most recent studies [37] [38] [39] [40] [41] [42] , indicate that compared with open repair, percutaneous repair results in a lower complication rate. Moreover, Maffulli et al. [43, 44] proved that percutaneous repair of Achilles tendon was not only available for diabetic patients but also suitable for patients >65 years. Furthermore, Kosanovic et al. [45] showed that percutaneous repair was effective in treating chronic Achilles tendon rupture. In a recent meta-analysis, McMahon et al. [46] concluded that percutaneous minimally invasive surgery had a significantly reduced risk of superficial wound infection and a three times larger number of patients with good to excellent results compared with conventional open repair. Gigante et al. [47] , in a RCT, found that percutaneous repair surgery had significantly shorter operating time than did open repair surgery (P<0.01).
Likewise, technical progresses are ongoing in conservative AATR treatment, with improved outcomes. According to a latest study by Wallace et al. [48] , patients undergoing nonoperative functional management had a similar or even lower rate of re-rupture than operatively treated ones, High heterogeneity among the relevant RCTs we analysed may be a limitation to our meta-analysis. Of the ten RCTs, only five reported the number of patients who successfully returned to pre-injury sports and found no significant difference between the two-methods. But a high heterogeneity (I 2 070%) existed among these studies, probably because the levels and intensities of pre-injury sports had not been clearly specified. This high heterogeneity can definitely compromise the credibility of the findings and prevent further specific subgroup analyses. Unfortunately, in outcomes assessment for AATR management, we still lack uniform, specific end points or criteria, especially regarding functional recovery. RCTs without uniform, specific end points or criteria can hardly produce high-quality meta-analysis.
The lack of adequate RCTs and consistent functional assessment system are the main weakness of studies on AATR. It is worth mentioning that Metz et al. [50] first proposed an appropriate RCT design in 2007. On the basis of their proposal, we suggest an "ultimate" RCT on the topic at hand, which should include the following necessary elements: correct methods of randomisation and blinding, inclusion and exclusion criteria clearly defined, appropriate statistical methods and an ample sample size (at least 36 participants each group). It should contain main outcome measures of three categories: evaluation scales, daily activity assessment and post treatment complications. Evaluation scales should include the most frequently used and validated scales or scores, such as American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot scale, Achilles Tendon Total Rupture Score (ATRS), visual analogue Scale (VAS) etc. The daily activity assessment system should be composed of two sections: physical functional measures with specific items (e.g. mean range of ankle movement, strength of plantar flexion and dorsiflexion and side-to-side difference in calf circumference) and social functional measures with specific items (e.g. mean time for sick leave, recovery to pre-injury foot-related activities and residual pain). We suggest that the pre-injury foot-related activities should be further specified as daily activity level, recreational sports level and competitive sports level. Complications should be reported in detail as much as possible. With respect to follow-up, we suggest that, if possible, participants be reviewed and followed at 6 weeks, 3 months, 6 months, 1 year and 2 years. With adequate specific data from RCTs, we believe in-depth comparison and classification can be conducted in a meta-analysis to provide more convincing evidence for precise assessment of operative and nonoperative treatment of AATR.
Conclusions
In summary, our meta-analyses confirmed that operative AATR treatment can effectively reduce the risk of re-rupture but may also lead to more complications related to open surgery. On the other hand, nonoperative AATR treatment may have a low risk of complications but a high risk of rerupture. The meta-analyses failed to validate an insignificant difference in functional recovery between the two methods. Based on current evidence, we find it difficult to determine whether one is superior to the other. We believe that major technical improvements in either operative or nonoperative treatment will change their advantages and disadvantages. We hope there will be more multicentre, large-scale RCTs comparing AATR therapeutic strategies with high methodological quality and consistent assessment systems or specific measures, particularly for post treatment functional recovery.
